We intended to identify the prognostic factors and the results of interventions on patients with liver metastatic midgut carcinoids. Five institutions that are part of United Kingdom and Ireland neuroendocrine tumour (NET) group took part in this study. Patients were included if they had histology proven NET of midgut origin and liver metastases at the time of the study. Clinical and biochemical data were collected retrospectively from hospital charts, pathology reports, radiology reports and biochemistry records for each patient. Three hundred and sixty patients were included in the study. The median survival from date of diagnosis was 7.69 years (confidence interval (CI) 6.40-8.99) and 5.95 years (CI 5.02-6.88) from date of diagnosis of liver metastases. On univariate analysis, increasing age at diagnosis, increasing urinary hydroxyindole acetic acid levels, increasing plasma chromogranin A levels, high Ki67, high tumour volume and treatment with chemotherapy were identified as factors associated with a significantly poorer outcome. Resection of liver metastases, resection of small bowel primary, treatment with somatostatin analogue therapy and treatment with peptide receptor therapy were associated with improved prognosis. Multivariate analysis revealed that age at diagnosis (PZ0.014), Ki67 level (PZ0.039) and resection of primary (PZ0.015) were independent predictors of survival. This is the largest study to our knowledge looking specifically at the prognosis and clinical course of patients with liver metastatic midgut NETs. For the first time, we have shown that Ki67 and resection of primary are independent predictors of survival for this group of patients.
Abstract
We intended to identify the prognostic factors and the results of interventions on patients with liver metastatic midgut carcinoids. Five institutions that are part of United Kingdom and Ireland neuroendocrine tumour (NET) group took part in this study. Patients were included if they had histology proven NET of midgut origin and liver metastases at the time of the study. Clinical and biochemical data were collected retrospectively from hospital charts, pathology reports, radiology reports and biochemistry records for each patient. Three hundred and sixty patients were included in the study. The median survival from date of diagnosis was 7.69 years (confidence interval (CI) 6.40-8.99) and 5.95 years ) from date of diagnosis of liver metastases. On univariate analysis, increasing age at diagnosis, increasing urinary hydroxyindole acetic acid levels, increasing plasma chromogranin A levels, high Ki67, high tumour volume and treatment with chemotherapy were identified as factors associated with a significantly poorer outcome. Resection of liver metastases, resection of small bowel primary, treatment with somatostatin analogue therapy and treatment with peptide receptor therapy were associated with improved prognosis. Multivariate analysis revealed that age at diagnosis (PZ0.014), Ki67 level (PZ0.039) and resection of primary (PZ0.015) were independent predictors of survival. This is the largest study to our knowledge looking specifically at the prognosis and clinical course of patients with liver metastatic midgut NETs. For the first time, we have shown that Ki67 and resection of primary are independent predictors of survival for this group of patients. 
Background
Midgut neuroendocrine tumours (MNETs) arise from endocrine cells of the embryological midgut. MNETs encompass tumours arising in the jejunum, ileum and proximal colon. They are associated with the development of carcinoid syndrome characterised by flushing, diarrhoea, wheezing and carcinoid heart disease. These tumours are usually at an advanced stage on presentation and are often detected at surgery for bowel obstruction, perforation or bleeding (Moertel et al. 1961 , Modlin et al. 2005 .
MNETs constitute the largest group of gastrointestinal neuroendocrine tumours (NETs; Modlin et al. 2003) . Clarifying prognosis and guiding patients about the most appropriate course of action are difficult. This is partly due to the variable natural course of the disease, but also due to the lack of robust evidence of effect and outcome with the many available treatment options.
Previous studies looking at prognostic factors have shown conflicting results. The largest published study of patients with MNETs included 256 patients analysed retrospectively. One hundred and ninetyfour of these patients had liver metastases. Multivariate analysis was performed on 71 patients who had complete data. Advanced age and plasma chromogranin A O5000 mg/l were significant predictors of overall survival (Janson et al. 1997) .
A study of patients with metastatic MNET's was published earlier this year (Strosberg et al. 2009 ) with 146 patients. They found hepatic cytoreductive surgery and age were significant prognostic factors. They did not look at Ki67 as a prognostic factor. There were 21% of patients who did not have site of primary identified although a MNET was suspected. The primary was resected in 100 patients and hence only 16 patients who had a primary identified did not have resection. Resection of primary was not associated with survival benefit in this study. Multivariate analysis results have not been presented.
In another study of 399 patients, 37% of the patients were MNET's. This study found improved prognosis with primary tumours !2.5 cm, absence of liver metastases, absence of carcinoid symptoms and a low Ki67 (Pape et al. 2008) . Two studies have identified that the prognosis of patients with MNETs is dependent on gender and presence of liver metastases (Burke et al. 1997 , Tomassetti et al. 2006 . One further study has identified that plasma neurokinin A was the only independent predictor of outcome (Turner et al. 2006 ). All studies have included patients without liver metastases. In addition, the above studies did not look at the effect of therapeutic interventions on their cohort of patients. The largest registry study (Surveillance, epidemiology and end results database) does not categorise patients with liver metastatic disease specifically.
There have been several studies, which have investigated the role of therapeutic interventions for liver metastases. These studies have all grouped foregut, midgut and hindgut tumours together during analysis (Makridis et al. 1990 , Chamberlain et al. 2000 , Gupta et al. 2003 , Sarmiento et al. 2003 , Sun et al. 2005 . It is difficult to know how much of the data from these studies are relevant to clinicians treating patients with MNETs and liver metastases.
We aimed to document the clinical course and outcomes for a large group of patients with MNETs and liver metastases in order to relate these to clinicopathological variables and to the various interventions undergone by these patients.
Methods
Five institutions of the UKI NET group took part in the study. Three hundred and sixty patients were included. All patients had MNETs and liver metastases at the time of inclusion into the study. The date of diagnosis of MNETS in our cohort of patients ranged from 1973 to 2007 with 328 patients had been diagnosed since 1990. All patients had histological confirmation based on resection of primary or on biopsy of liver metastases. Histological diagnosis was based on the microscopy and immunohistochemical staining with the neuroendocrine markers.
Site of primary and assessment of metastatic disease were based on operative, cross-sectional or nuclear imaging. Forty-one patients with liver metastases and carcinoid syndrome and unknown primary were included in the study. In these cases, the clinicians felt that it was a likely midgut primary based on clinical presentation, imaging characteristics and tumour markers. These patients were not included in the analysis of survival related to resection of primary or on multivariate analysis.
Data collection
Patients were identified from existing databases at each unit. Clinical and biochemical data were collected retrospectively from hospital charts, pathology reports and biochemistry laboratory records for each patient. A specific database was designed using Filemaker Pro with drop-down menus to ensure consistency of data. This database was extensive and included prognostic factors, co-morbidities at diagnosis, extent of tumour spread and symptomatology. Additionally, all therapeutic interventions and progression of the tumour(s) were recorded annually for each year of survival of the patient from date of diagnosis of liver metastases.
To further ensure consistency, the data were collected by a single investigator A A at all centres with the exception of Royal Victoria Hospital. Here, data were collected in a separate excel-based database by G T with the same prognostic fields and transferred directly into the Filemaker database. All attempts were made to ensure the quality of data with all medical and electronic records accessed. Primary care clinicians were also contacted when necessary.
Data analysis
Survival was measured from the date of diagnosis. In addition, survival analysis from the date of diagnosis of liver metastases and from the date of intervention for all therapies was performed. This was to document any survival advantage conferred by the intervention and to allow comparison with the previous similar studies. Analysis from the date of diagnosis of liver metastases was to eliminate bias of patients presenting with small bowel obstruction and the resultant early diagnosis as opposed to delayed presentation with liver metastases and carcinoid syndrome. The presence of carcinoid syndrome was defined as any of the following: flushing alone or flushing with diarrhoea or palpitations. Data on the presence of functional syndrome was available in 294 patients. Death due to all causes or date of last follow-up was used as the clinical end point. The first available biochemical data were used in the analysis for urinary 5 hydroxyindole acetic acid (HIAA) and chromogranin A.
Statistical analysis
All analysis was performed using SPSS version 15. Initial analyses were performed to identify factors associated with the increased mortality. Comparison of values between the groups was made using MannWhitney U test and c 2 -test. In addition to age, sex, Ki67, urinary 5 HIAA, chromogranin A and all interventions, analysis was also performed on prognosis related to uptake on radio nucleotide imaging and tumour volume at presentation. For the latter analysis, patients were divided into five groups based on the presentation tumour volume: no metastases, largest metastases greater or lesser than 4 cm and the presence of unilobar or bilobar metastases.
Survival analysis for interventions was performed using Kaplan-Meier survival plots and comparisons between groups made with the log-rank test. Covariates identified as having a significant influence on survival by univariate analysis were included in a multivariate analysis using a Cox's proportional hazards model. Treatment with chemotherapy was not included in multivariate analysis as only four patients treated with chemotherapy had complete data for analysis.
Results
Out of the 360 patients, 189 (52.5%) were male. Median age at diagnosis was 61.54 years (16-86 years). Three hundred and nine patients had an ileal primary, six had jejunal primaries and four primaries were in the caecal region. Two hundred and eighty-five patients had liver metastases at diagnosis. The mean duration of follow-up from diagnosis was 5.29 years.
One hundred and fifty-nine patients died during follow-up. Median survival from date of diagnosis was 7.69G0.6 years S.E.M. The 5-year survival rate from the date of diagnosis was 65.9% ( Fig. 1 ). Median survival from the diagnosis of liver metastases was 5.95G0.47 years (S.E.M). The 5-year survival was 56% from diagnosis of liver metastases. For causes of death see Table 1 .
On univariate analysis, the following clinicopathological features were adversely related to prognosis: increasing urinary 5 HIAA (PZ0.001), increasing serum chromogranin A (PZ0.007), high Ki67 index (PZ0.005) and increasing age (PZ0.017). Patients with bilobar metastases and the largest metastases O4 cm had a significantly worse outcome than all other groups of patients as divided based on tumour volume (P!0.001).
There was no difference in survival for the following factors: sex (PZ0.13), presence of liver metastases at presentation (no metastases, unilobar, bilobar; PZ0.073), uptake on Octreoscan (PZ0.91) or on meta-iodobenzylguanidine (MIBG) scan (PZ0.23). Two hundred and forty-four patients had a functional syndrome at presentation. There was no difference in survival in patients with the functional syndrome than those without (median survival 6.92 vs 8.06 years; PZ0.52). Calculations of survival for liver metastases at presentation and the presence of functional syndrome were undertaken from the date of diagnosis of liver metastases as opposed to the date of diagnosis. We felt that this was a better measure of the biology of the tumour rather than to compare a more advanced disease with a less advanced disease.
On survival analysis, the following treatments were associated with the improved survival: resection of liver metastases, resection of small bowel primary, treatment with somatostatin analogues (SMAs) and treatment with peptide receptor therapy. Chemotherapy was associated with a significantly worse survival. There was no difference in survival in patients treated with hepatic chemoembolisation/embolisation when compared with those who did not.
Prognostic factors
Multivariate analysis was performed using Cox regression analysis, adjusting for all factors that showed a significant difference on univariate analysis. Age at diagnosis, Ki67 index and resection of primary were identified as the only independent predictors of survival (see Table 2 ).
Resection of primary
Two hundred and nine patients had their primary removed. Twelve patients had bowel bypass surgery. Seventeen patients had an attempted resection but were found to be irresectable. Three patients died within 30 days of surgery (1.43%). Ten (4.78%) patients who had resection of their primary died due to small bowel obstruction-related cachexia. Fourteen patients (12.72%) within the three groups of 'no resection of primary', 'bypass surgery' or 'failed resection' died due to small bowel obstruction-related cachexia. There was a significant survival advantage for patients with resected primary both on univariate and multivariate analyses. The median survival for the groups was as follows: resected primary 9.92 years (confidence interval (CI) 7.45-12.40); no resection 4.68 years (CI 2.65-6.71); bowel bypass 5.61 years (CI 1.58-9.64); and failed resection 6.74 years ). See Table 3 for subgroup analysis between the two groups and Fig. 2 for Kaplan-Meier survival curve.
Ki67 index
Ki67 index was first described to have prognostic significance in pancreatic NETs in 1992 (Pelosi et al. 1992) . Its availability in routine clinical practice in the UK was in the early part of this century. In view of a significant proportion of patients diagnosed prior to this period, data on Ki67 proliferative index were available in only 112 patients. Histology was either from the primary or the liver metastases. This specimen was usually taken at the time of diagnosis.
Patients were divided into three groups, those with Ki67 %2 and those between 3 and 20 and those above 20 (Rindi et al. 2007 ). There was a significant survival advantage for patients who had low Ki67 on univariate analysis (see Fig. 3 ) and multivariate analysis (PZ0.039). The median survivals for the three groups were 16.62 years (CI 0.20-33.03), 9.09 years (CI 3.67-14.51) and 1.09 years (CI 0.66-1.52).
Medical therapy
Two hundred and eighty-eight patients were treated with SMA therapy. Only 17 patients had had interferon therapy for any duration of time. Twelve patients had both SMA and interferon therapy who were excluded from the analysis of survival based on SMA therapy. The mean duration of treatment with SMA was 43.15 months. Treatment was generally well tolerated. There were no deaths related to the drug. Patients with the functional syndrome at presentation were more likely to have treatment with SMA therapy. In addition, patients who received SMA therapy had a significantly higher median 5 HIAA (Table 3 ). Survival analysis revealed that patients who had SMA therapy had a significant survival advantage when compared with those who did not (PZ0.004). The median survival for patients treated with SMA was 8.06 years (CI 6.30-9.83) versus 5.6 years (CI 3.34-7.87) for those who did not. Given the retrospective nature of the study, it was difficult to be certain as to whether the initiation of SMA was for its antiproliferative or symptom control effects. Data with regards to this were hence not collected.
Hepatic resection
Fifty patients underwent hepatic resection for their liver metastases. Out of these, three underwent resection twice due to recurrence and one patient underwent resection three times. A significantly higher proportion had their primary resected (90.7%) in the hepatic surgery group as opposed to 61.6% in the no hepatic surgery group. This relationship between hepatic resection and resection of primary resulted in the inability to calculate relative risk of hepatic resection in multivariate analysis.
The 5-year survival from resection of liver metastases was 74.3%. There were no surgery-related deaths. On univariate analysis, patients who underwent hepatic resection had a significant survival benefit when compared with those who did not. The median survival was 11.26 years (CI 5.19-17.33) for those who had resection versus 5.50 years (CI 4.33-6.17) for those who did not. See Table 3 for subgroup analysis and Fig. 4 for Kaplan-Meier survival curve.
Hepatic embolisation/chemoembolisation
Forty-two patients underwent hepatic artery embolisation (HAE) and 14 patients underwent hepatic artery chemoembolisation (HACE). Out of these 56 patients, 36 underwent one episode, 12 underwent two episodes, 7 underwent three episodes and 1 patient underwent four episodes. Seven patients died within 30 days of a procedure. Six deaths were following chemoembolisation and one following embolisation. Five of these patients died on their first episode and one each on the second and third episode. The median survival from the date of first procedure was 3.2 G0.51 years (S.E.M). The 30-day mortality was 12.5%. The 5-year survival from the date of first procedure was 29%. In addition to having a higher mean 5 HIAA and CGA levels, patients who underwent HAE/HACE had a higher proportion of patients with greater tumour volume as classified previously (group 5: 53 vs 31%). The median survival for patients who had chemo/embolisation was 5.50 years .23) versus 6.53 years ) for those who did not. There was no difference in survival for patients who underwent hepatic chemo/ embolisation versus those who did not (PZ0.321). See Table 3 for subgroup analysis. patients had two therapeutic episodes, 31 patients had three therapeutic episodes and 10 patients had four therapeutic episodes. A total of 290 episodes of peptide receptor therapy were given to 120 patients. Two patients died within 30 days of their peptide receptor therapy (1.9%). The median survival from the first episode of peptide receptor therapy was 4.5G0.67 years (S.E.M). The 5-year survival post therapy was 40%. The median survival for patients who had therapy was 9.04 years (CI 6.47-11.61) versus 7.21 years (CI 5.91-8.50) for those who did not. There was significant survival difference on univariate analysis (PZ0.007). See Table 3 for subgroup analysis.
Chemotherapy
Twenty-four patients had chemotherapy for their liver metastatic MNET. Majority of the patients had streptozocin and 5-fluorouracil-based therapy. A few patients had cisplatin or lomustine. One patient died within 30 days of therapy. Five-year survival post therapy was 22.7%. The median survival for patients who had chemotherapy was 2.79 years (CI 0-6.58) versus 6.33 years (CI 5.50-7.17) for those who did not. As is noted in Table 3 , patients who had chemotherapy had a higher mean CGA. There was no difference in tumour volumes between the two groups (group 5: 35 vs 33%.) Univariate analysis revealed that patients who had chemotherapy had significantly poorer outcome compared with those who did not (PZ0.005).
Discussion
This is the largest study to our knowledge specifically looking at patients with liver metastatic MNETs. Despite its retrospective nature, confounding factors of previous studies have been eliminated by selecting a specific cohort of patients and modelling for all known prognostic variables. Many more clinical, radiological and biochemical factors relating to prognosis were analysed than any other paper in this group of patients. In addition, their significance was assessed in relation to the therapeutic interventions patients underwent. This study suggests, for the first time, that resection of primary and Ki67 are independent predictors of survival in patients with MNETs with liver metastases. These factors remained significant if multivariate analysis was performed from the date of diagnosis of liver metastases as opposed to the date of diagnosis of the tumour.
A previous retrospective study has shown improved survival of patients undergoing debulking of primary in midgut tumours (Soreide et al. 1992) . Unlike this study, multivariate analysis was not done and hence the bias for known prognostic factors and interventions was not undertaken. Stosberg et al. have recently found no survival benefit in resection of primary in metastatic MNET's; however, the number of patients who did not have resection was too small to make any firm conclusion.
In this study, it is possible that fitter patients were selected for resection of primary. In addition, the survival rates were similar in patients who had bowel bypass, failed resection and no resection. This suggests that although the patients were fit enough to undergo surgery in the former groups, the failure to resect the primary adversely affected their prognosis. Despite the differences in the subgroup analysis shown in Table 3 , resection of primary was the only intervention which remained significant on multivariate analysis.
In view of the significantly higher proportion of patients dying as a result of small bowel obstruction in unresected patients, the low procedure-related mortality (1.43%) and the demonstrated survival advantage we feel there may be at least some evidence that patients with MNETS and liver metastases should have their primary resected if technically feasible. A randomised controlled trial of resection of primary should now be considered. These data also confirm suspicions from other studies that increasing age (Janson et al. 1997 ) and higher Ki-67 (Rosenau et al. 2002 , Amarapurkar et al. 2003 , Tomassetti et al. 2006 result in poorer survival.
Other factors that are only significant on univariate analysis are more difficult to interpret and will be considered below. Patients with increasing urinary 5 HIAA, increasing serum chromogranin A and bilobar liver metastases (largest O4 cm at presentation) had a poorer prognosis. This endorses previous studies (Janson et al. 1997) . However, interventions have been shown to affect these factors (Ardill & Erikkson 2003 , Sondenaa et al. 2004 , Akerstrom et al. 2005 ). This study shows that when interpreted in the context of interventions, none of these factors remain statistically significant.
Data on results of patients undergoing hepatic resection were similar to the largest study by Sarmiento et al. with 61% 5-year survival and 1.2% mortality. It is likely that there was a bias in these patients, where clinicians selected patients perhaps based on their age, fitness and/or Ki67. However, patients who are suitable for liver resection should continue to be offered this therapy since there is a low procedure-related mortality and it improves quality of life by reducing carcinoid symptoms (McEntee et al. 1990 , Chamberlain et al. 2000 .
In a randomised prospective study in this group, 80 patients (30 MNETs) were randomised to treatment with lanreotide, interferon a and combination therapy. All treatment strategies showed similar rates of tumour stabilisation (18-28%; Faiss et al. 2003) . This rate is lower than previous nonrandomised retrospective studies (24-57%; Kvols et al. 1986 , Oberg et al. 1991 , Jacobsen & Hanssen 1995 , Di Bartolomeo et al. 1996 , Ducreux et al. 2000 , Welin et al. 2004 ). These results have been replicated in a recent yet to be published randomised prospective study of patients with metastatic MNET's. Here, time to progression was significantly higher (14.3 vs 6 month's) in patients randomised to octreotide LAR versus placebo (Arnold et al. 2009 ). This study has demonstrated a survival advantage for patients treated with SMA on univariate analysis. If anything, patients with more advanced disease were more likely to be treated with SMA. However, since multivariate analysis was not significant, the case for SMA prolonging life is unproven.
The 5-year survival of patients who had HACE/ HAE is similar to the 28.6% reported by Gupta et al. (2003) in 123 patients. However, other studies have reported better survival rates such as 60% by Eriksson et al. (1998) . In this study of 29 patients, gel foam embolisation was performed rather than HACE. The early mortality rates from previous studies have varied from 0 to 8.7% (Chamberlain et al. 2000 , Yao et al. 2001 , Kress et al. 2003 , Loewe et al. 2003 . In our study, six out of the seven deaths were patients who had HACE. This suggests that HAE may be safer. Embolisation techniques have also improved with the selective embolisation now routinely available. In addition, radioembolisation with 90Y-microspheres, a technology similar to HAE/HACE, has shown significant promise (Kennedy et al. 2008) . This strategy therefore remains a useful adjunct in palliating patients with the carcinoid symptoms that are difficult to control, but patients should be informed that there is no proven survival advantage.
Peptide receptor therapy results are similar to other previously reported studies (Waldherr et al. 2002 , Bomanji et al. 2003 , Safford et al. 2004 , Sywak et al. 2004 . A relatively new agent Lu177-DOTATATE has now been shown to have better survival data with the median survival of 46 months from the start of treatment and 128 months form the date of diagnosis (Kwekkeboom et al. 2008) . To date, patients are more likely to have peptide receptor therapy if they are unfit for other interventions and have more advanced disease. This would tend to make the difference on Endocrine-Related Cancer (2009) 16 885-894 www.endocrinology-journals.org univariate analysis less prone to bias, but multivariate analysis did not reach statistical significance.
Patients who had chemotherapy did worse than those who did not in univariate analysis. The median survival rates were similar to the only other randomised study in this group of patients. Here, 176 patients (43 MNETs) were randomised to fluorouracil and doxazosin versus fluorouracil and streptozocin (Sun et al. 2005) . There is likely to be at least in part a negative bias in that these patients are often end stage with an advanced disease. Several newer agents such as tyrosine kinase inhibitors, angiogenic inhibitors and mammalian target of rapamycin inhibitors are currently being investigated, which have shown promise in early studies. These agents may offer an effective chemotherapeutic strategy in the future. However, on the basis of the above data, there is no proven role for chemotherapy in prolonging life in patients with midgut NETs with liver metastases.
In the absence of randomised trials for measuring the survival benefit of established interventions, these data for the first time give the best current guide to the value of treatment options in this very specific group of patients. This may help clinicians and patients in making difficult therapeutic decisions. It also provides detailed clinical data necessary for cost effective analysis and direction for future clinical research.
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